In April and May 1983, interdisciplinary oceanographic observations were made of upwelling events in the Point Conception area off southern California. The principal objective was to observe the structure and time dependence of the upwelling system. To accomplish this, two ships, two aircraft, moorings, drogues, and satellite imagery were all included in the observational effort. During the intensive measurement period three main upwelling events and two intervening relaxation or downwelling intervals were sampled during what was a period of overall longer-term sea surface warming. Surface temperatures during upwelling were as low as 10.5øC in the upwelling center between Point Arguello and Point Conception, while during periods of nonupwelling winds, temperatures reached 14ø-15øC in the same area. The upwelling center was also a source of higher-salinity water (33.7%o) relative to the offshore waters that were anomalously fresh (33.3%,,). Upwelling was observed off Point Arguello, Point Conception, and the area between with a possible lag of up to a day at Point Conception relative to the other areas. The upwelling plume as observed by surface mapping and remote sensing tended to move in a variety of directions from SE to SW. Part of the movement was usually into the Santa Barbara Channel, but other parts of the plume occasionally moved southwestward. There was no obvious correlation of plume direction with the wind. During relaxation events the entire region was covered by a 10-to 20-m-thick warm (14ø-16øC), fresh (<33.5%0) buoyant layer. Spatial correlations of water temperature with 24-hour lagged winds showed logical patterns, but the distributions were not as seen in other California studies. AND 
2. The G line, extending offshore between points Arguello and Conception, should be sampled by CTD every 2-3 days. The G line was assumed to lie along the axis of the upwelling center. In fact, it was sampled for temperature (by expendable bathythermograph (XBT) or CTD) every 1.5 days.
3. The whole area should be mapped every 2-3 days. The wind events occurred typically at 4-to 8-day intervals; thus it was desirable to map the affected area at least twice during that period. The mapping would entail surface measurements, XBTs, limited CTDs, and Doppler log current meter measurements.
4. Drogues should be deployed in the area to define flow in the upwelling center and to aid in biological sampling. surface waters to warm and surface layer buoyancy to increase The wind and temperature records (Figure 4 ) from the Point Arguello-Point Conception area during the time of our study [Brink and Muench, 1986] suggest that in April upwelling winds occurred but were not steady. Temperature records from current meters at 5-45 m show a warming trend through April with cooling events associated with upwelling periods. Seasonal warming is also evident in these data.
WIND FIELD VARIABILITY
The primary analysis of the wind field is contained in manuscripts by Caldwell The wind was measured at many points, but we will present the results from the Point Sal buoy, which is representative of the exposed part of the study area. The stress shown in Figure  4 is low-pass filtered with a half-power point of 47 hours. There were three principal wind events that were upwelling favorable: 2-5, April 10-16, and 
The May 2-18 Upwelling Period
The period from May 2 through May 6 was characterized by light upwelling favorable winds, and the period from May 7 through May 17, by sustained strong upwelling favorable winds.
In the satellite image of May 2 the coldest water appeared southeast of points Arguello and Conception as upwelling commenced. Warm water was still evident in the channel, and even warmer water was seen to the south and east. The appar-ent warm eddy west of Point Arguello was not detectable, and instead cold water extended west-southwest to 123øW from Point Arguello, possibly a remnant of the previous upwelling plume. By May 9, at the peak of the upwelling favorable winds, larger regions of cold water developed around the points. The upwelling plume was evident to the southeast, extending into the channel and between the Channel Islands. The plume also extended southwest from Point Arguello and appeared to be entrained by a cyclonic cold eddy. Regions of warm water were found between the two plumes, offshore, and along the coast to the east. In the May 4-6 survey, during the start of the intense upwelling event, surface salinities were greatest between the points and along the north shore of the channel. This was the region of cold water, consistent with active upwelling which brings high-salinity water to the surface. Low salinities were found to the northwest and southwest of Point Arguello, with the lowest salinities to the northwest. This is a region of high surface temperature, although there was not a tight T-S relation. In the May 7-8 survey, near the peak of the wind forcing, increased salinity was found between the points and low salinities remained to the west of Point Arguello.
The drifters deployed on May 4 were tracked during the peak of the upwelling period. Channel Islands. Offshore eddies, first warm anticyclonic and then cold cyclonic, apparently affected adjacent waters by entraining coastal waters and provided a source for warmer, buoyant offshore water intrusions into the upwelling area.
VARIABILITY AS INFERRED FROM THE SUBSURFACE FIELDS
The complexity of the surface field is reflected in the subsurface fields, but except for temperature, we have much fewer data, and less intense and synoptic data, than were available for the surface fields. Data to be examined will include the mean and standard deviation of temperature, salinity, and density along the three main hydrographic sections ( Figures   10-12) ; the temperature, salinity, and density sections from the G line (Figures 13a and 13b) ; and the variability in temperature, salinity, and density at stations A-3, G-3, and C-3 (Figures 14-16 ). that the average condition was upwelling. The maximum standard deviation in the density field was in the C and G lines at both the surface and thermocline. As with temperature and salinity, the standard deviation was lowest along the A line. The complex structure of the density and salinity standard deviation is no doubt partly due the low number of samples and the relatively short period of the record.
Mean and Variability in the Subsurface

Vertical Structure Along the G Line
The hydrography of the Point Arguello-Point Conception area is quite complicated, so to give an example of the time variability we will present the vertical sections from the G line (Figures 13a and 13b) served during periods of downwelling and during the initial phases of upwelling before the resident buoyant surface waters had been advected from the area or buoyancy was altered via mixing.
The sections also show that during upwelling, offshore isopleths descended, while nearshore isopleths rose. Such features have also been observed by Huyer [1984] , Brink et al. [1980] , and Breaker and Mooers [1986] . The movement could be caused by advection, downwarping by heavier water moving offshore in the upwelling region, or mixed layer deepening offshore contrasted to upwelling nearshore.
A subjective analysis of all C, G, and A line sections, both XBT and CTD, was made to determine the approximate distribution between upwelling and downwelling conditions. The results were that upwelling was evident in 47%, 73%, and 53% of the A, G, and C lines, respectively. As in most of our observations, the G line was the center of upwelling activity.
Variability on the A, G, and C Lines
In Figures 14-16 the vertical time series of temperature, salinity, and density at stations A-3, G-3, and C-3 are shown. These stations were chosen to represent water within the zone of upwelling at locations west of Point Arguello (A-3) , between the points (G-3), and south of Point Conception (C-3). The temperature data are more detailed because of the inclusion of XBT data.
At G-3 (Figure 15 ), which is normally near the upwelling center between the points, the three upwelling events that were noted in the wind and surface field are easily seen. On April 5 the water column was relatively well mixed with a deep surface layer of 11.0ø-11.5øC water. The water was relatively salty (33.6-33.8%0). During a period of weak winds (April 6-11) the water column warmed, and the water in the region was fresher. It is interesting to note the depth (>45m) to which the TIME SERIES A Note that the upper layers responded to the upwelling event on about May 2, while the lower layers responded around May 3-7. At C-3 (Figure 16 ), south of Point Conception and east of G-3, the situation was similar, with the three main upwelling events and the warming and freshening event being quite obvious. The deeper isotherms appeared to ascend before the shallower isotherms during the May event. This is consistent with the current meter observations [Brink and Muench, 1986] . Unfortunately, the final stations at C-3 were XBTs, so salinity data are not available. The isopycnals were generally continually deepening during the observation period but with some ascending above 70 m.
The A-3 time series, from west of Point Arguello, apparently reflects the effect of advective processes from the north and exhibits quite different characteristics. The early April and early May upwelling events are present, as is the April warming and freshening event, but the upwelling event that occurred on about April 14 is not obvious in the vertical structure. Possibly, the sampling missed it. During the first upwelling event in early April, temperatures were < 11.3øC at the surface and < 10.0øC at the bottom, nearly the same as at G-3. Salinities, however, were significantly lower in the upper layer (33.3%0 versus 33.6%0). With the warming and freshening, temperatures peaked at 13.1øC and salinity was as low as 32.93%0, quite similar to G-3. The upwelling event in early May, which was observed to start at G-3 on about May 2, was not obvious at A-3 until May 6. At A-3 the upper layer isotherms appeared to respond to the early May upwelling event, but the lower layer isotherms continued descending. In contrast to the time series at C-3 and G-3 the strong salinity changes were restricted to the upper 50 m until the May event, when the isohalines dipped sharply. 
Dependence of the Temperature Field on Wind and Time
The temperature field structure and variability in upwelling zones often strongly depends on the wind field. To test this hypothesis here, we did two analyses. One analysis was to correlate the variability in the aircraft SST field with wind stress at the Point Sal buoy, and the second analysis was to correlate the variability in the temperature fields along the A, G, and C lines in a manner similar to that recently employed by Huyer [1984] .
Winds for the wind-SST correlation were determined by averaging 25 wind stress values taken from the Point Sal buoy from 12 hours before until 12 hours after 0000 UT on the day of the specific flight. This effectively produces a 24-hour evenly weighted running average centered on the time when the aircraft flight was approximately half over. The true north component of the wind stress was used in the correlation. This is 45' to the right of the axis used in the following analysis. The results are comparable, since upwelling is related to southward winds in general.
The following procedure was used to determine the correlation between the vertical temperature field and the wind. the first temperature modes at the P1, P2, and P3 moorings (representing 96, 86, and 81% of the variance per mooring, respectively) lagged the winds by 1, 2, and 7 days, respectively, with maximum lagged correlations of 0.66, 0.51, and 0.50, respectively. We concluded that the lag time between winds and temperatures tended to increase as the water depth or the distance from shore increased. In a separate analysis, using individual temperatures as opposed to EOF time series, we found a slight (up to 1-day difference) tendency for windtemperature lags at the same mooring to increase with increasing depth in the water column. On the basis of these analyses, we chose 1 day as a representative lag between winds and temperatures, and we used that in our regression analysis. 
CONCLUSIONS
We would like to restate some of the important observations and inferences from these observations. First, there appears to be no doubt, based on shipboard, aircraft, and satellite observations, that the area between points Conception and Arguello was a locus of wind-driven upwelling activity. At times, cold water appeared north of Point Arguello or east of Point Conception, but in the mean and in the synoptic observations the coldest water generally appeared between the points. There is also no doubt that the upwelling plume extended south from the points but with a great deal of directional variability within that general heading. Interestingly, and unexplained, the plume direction varied despite similar wind conditions. We suggest that the plume direction may be influenced by channel outflow or by offshore cyclonic and anticyclonic eddies. Although the upwelling events were dramatic, the effect of relaxation or downwelling favorable winds was equally impressive. With cessation of upwelling winds, a layer of fresher, warmer water invaded the area, forming a uniformly warm surface temperature field and depressed isotherms. In addition to upwelling-related distributions and circulations, longer-term warming was identified in the current meter records, and a large-scale cyclonic circulation in the channel persisted during the observational period. These phenomena may have affected the plume structure or the response of the system to wind events.
Deeper, saltier water was upwelled, creating a lowtemperature, high-salinity plume. The high salinity in the upwelling plume was in contrast to the relatively low-salinity surface waters in the immediate area and even lower salinity surface waters to the west that apparently invaded the area during relaxation or downwelling.
In a very qualitative sense, the system structure looked like a typical upwelling system with properties ascending toward the coast with slight deviations possibly related to an undercurrent. However, the variability was not similar to that in northern California [Huyer, 1984-1 , suggesting that the complexity of the topography was important in the variability but not in the mean. The variability near shore, within the area expected to be affected by wind-forced coastal upwelling, was related to the wind, but offshore the influence of other waters was apparent even though they were probably at least partly advected by the same wind-driven currents.
In conclusion we can say that the Point Conception-Point Arguello area is an upwelling center that rather predictably, except for plume direction, responded to the wind field. It is probable that the complex topography induced additional variability into the system than would otherwise be expected.
